We use administrative data on students in grades 4 and 7 in British Columbia to examine the extent to which differences in the characteristics of provincial schools attended by Aboriginal and non-Aboriginal students contribute to the achievement gap between these two groups as measured by standardized test scores. We find that segregation of Aboriginal and nonAboriginal students is substantial, and that differences in the distribution of Aboriginal and nonAboriginal students across schools account for roughly half the overall achievement gap on the Foundation Skills Assessment tests in grade 7. The substantial school-level segregation of Aboriginal and non-Aboriginal student across schools means that Aboriginal students on average have a higher proportion of peers who are themselves Aboriginal, and who have disabilities. We estimate the effect of peer composition on value-added exam outcomes, using longitudinal data on multiple cohorts of students together with school-by-grade fixed effects to account for endogenous selection into schools. We find that having a greater proportion of Aboriginal peers, if anything, improves the achievement of Aboriginal students. We find limited evidence that having a greater proportion of peers with disabilities adversely affects the achievement of Aboriginal students. JEL Codes: I21
Introduction
Aboriginal Canadians have an above-average incidence of almost every marker of social and economic deprivation, including poverty (Mendelson 2006) , poor health outcomes, drug and alcohol addiction, and suicide (Health Canada 2003) . Improving the educational outcomes of Aboriginal children and youth provides one potential avenue for breaking the cycle of poverty among Aboriginal Canadians. This view is supported by evidence from other populations that education is associated with better health behaviours and outcomes (Kenkel 1991) , substantially lower rates of incarceration (Lochner and Moretti 2003) , higher earnings (Card 1999), reduced teen childbearing, criminal propensity, child abuse and neglect, and improved educational attainment and health outcomes of children (Greenwood 1997) , increased voter and civic participation (Dee 2003) , and reduced reliance on public transfers (Wolfe and Haveman 2001) . Proponents of school choice policies argue that these policies will improve the academic outcomes of disadvantaged students by both broadening access to the most effective schools (U.S. Department of Education 2004, p. 9), and increasing the overall supply of effective schools through increased competition (Hoxby 2003) . Improving access to high quality schools has been a cornerstone of educational policies in the United States designed to improve the educational achievement of African American students since the landmark decision in Brown v. Board of
Education. 2 More recently, the No Child Left Behind Act of 2001 requires that districts allow
students who attend persistently low-achieving schools be offered the opportunity to attend higher-achieving schools. School choice in the U.S. occurs in the context of a substantial and persistent black/white achievement gap, pronounced racial segregation across U.S. public schools, and differences in the quality of schools that blacks and whites typically attend.
Substantial differences in school quality may arise in jurisdictions where school districts rely on local taxation for revenue, and where African-American students are more likely to attend schools that have relatively few resources because they are more likely to live in low-income neighborhoods. Moreover, African-American students may be disadvantaged when they attend school with peers who are themselves low-achieving (e.g. Hoxby 2000 , Hanushek and Rivkin 2006a , Card and Rothstein 2007 .
Our objective is to contribute to establishing a similar evidence base that can inform discussions about the potential for school choice policies to benefit Aboriginal students in Canada. We use a newly available administrative data set provided by the B.C. Ministry of Education to document the achievement gap between Aboriginal and non-Aboriginal students in B.C. as measured by standardized test scores in grades 4 and 7, and to investigate the relationship between this gap and student characteristics, particularly differences in rates of assessed disabilities. We next measure the extent to which Aboriginal students are segregated from non-Aboriginal students at school. B.C.'s school funding rules provide districts with roughly similar resource levels, so this source of variation in school quality is not as salient as in the U.S. context. 3 However, if peer effects are important, differential sorting of Aboriginal and non-Aboriginal students may lead to systematic differences in the quality of the learning environments of Aboriginal and nonAboriginal students. We provide econometric estimates of the effects of peer group composition on Aboriginal students' achievement as measured by B.C.'s Foundation Skills Assessment tests.
We focus in particular on the share of peers who are Aboriginal or who are classified as disabled.
Our main results are as follows. We find that the grade 7 test score gap is large in both reading and numeracy, with most of the gap developing by grade 4. We find that differences in rates of 2 Brown v. Board of Education 347 U. S. 483 (1954) . 3 Even with the same funding levels, schools that serve Aboriginal populations may have greater difficulty attracting and retaining teaching and administrative staff if they are geographically isolated.
identified disability do not explain much of the test score gap. We find a substantial degree of segregation between Aboriginal and non-Aboriginal students, suggesting that school environments can in principle play an important role in the achievement gap. We decompose the mean grade 7 test score gap into across-school (the extent to which Aboriginal students tend to attend schools in which both Aboriginal and non-Aboriginal students do poorly on the exams) and within-school (the extent to which Aboriginal students do worse on the exam than nonAboriginal students in the same school) gaps. We find that about half of the gap takes the form of within-school variation. The segregation of Aboriginal and non-Aboriginal students implies that the average Aboriginal student has a substantially higher proportion of Aboriginal peers and a somewhat higher proportion of peers with disabilities. However, we do not find that the characteristics of Aboriginal students' peers that result from this sorting contribute significantly to the relatively low test scores of Aboriginal students. If anything, Aboriginal students perform better when they attend school with a greater proportion of peers who are themselves Aboriginal, and experience limited if any disadvantage from attending school with a greater proportion of peers with disabilities.
Data and institutional background
2.1 Access and funding All students in B.C. are guaranteed placement in their neighborhood or "catchment area" public school. In addition, most public school districts offer magnet programs. French Immersion is the most popular magnet program in the province, enrolling about 5 percent of elementary school students. Prior to 2003, if a student wanted to register at a non-catchment public school other than through a magnet program, permission was required from both the principal of the catchment area school and the principal of the school of registration. In 2003, the Province instituted an official "open boundaries" policy that allows any student in B.C. to attend any public school if there are spaces available after local students have enrolled. It is not known whether this policy change has had a quantitatively important effect on cross-boundary enrolments. In addition, approximately 10 percent of students in the province attend a private school. Some Aboriginal students who live on reserves also have the option of attending a bandrun school on reserve land. These schools are not included in the provincial school system and are outside of the scope of our analysis.
With the exception of on-reserve Aboriginal schools, funding for elementary and secondary education in Canada is the responsibility of the provinces and territories. In B.C., the provincial Ministry of Education establishes curricula and provides operating and capital grants to the district school boards, who then allocate funds to individual public schools. District funding levels are based on a number of factors, including per-school allocations and per-student allocations, with supplementary funding based on the presence and number of students in several categories. In particular, districts receive supplemental funding for each Aboriginal student enrolled, for students with special educational needs, and for students who require English as a Second Language (ESL) services. Per student funding levels before and after 2002, when several major changes to the funding formula were introduced, are summarized in Table 1 .
This provincial public school funding formula means that districts do not have to rely on local sources of revenue, with the result that poorer districts are funded as well as richer districts.
Indeed, because supplementary funding is targeted towards students with greater educational needs, districts with a greater number of disadvantaged students receive more generous funding than those with fewer disadvantaged students.
Private schools also receive per-student operating grants of 35-50% of the base public school rate, and are responsible for both teaching the provincial curriculum and meeting various provincial administrative requirements (B.C. Ministry of Education 2005).
2.2
Data description The administrative data used in this study are drawn from the Ministry's enrolment database and Our data set covers all grade 4 and grade 7 students from the 1999-2000 through [2003] [2004] school years. As a result, we observe the first three cohorts from the time they entered grade 4 in 5 Because of confidentiality restrictions, our study is based on an extract from the original administrative data. The extract differs fro m the original data in the following ways: (1) enrolment records are provided only for students in grades 4 through 7; (2) student, school, and district identification codes are encrypted in such a manner as to allow for within-database linkage, but not linkage with external information; (3) language spoken at home is aggregated from the over 100 languages in the administrative data into English, Chinese (including Cantonese and Mandarin), Punjabi, and Other; and (4) both language spoken at home and Aboriginal status are provided based on the student's entire history rather than on the current year's self-report. In particular a student is categorized as Aboriginal if he/she ever self-reports as Aboriginal. A student is categorized as speaking English if he/she always self-reports as English, and is otherwise categorized by his/her most frequently reported home language other than English. 6 Exam scores are calculated from item-level responses based on an item response theory (IRT) model constructed by the Ministry. The IRT scores are provided by the Ministry on a continuous scale with roughly zero mean and unit standard deviation. We normalize the scores in each year, grade, and subject to have exactly zero mean and unit standard deviation across the province. Table 2 presents our measures of academic achievement for Aboriginal and non-Aboriginal students. Aboriginal students in grade 7 score more than 0.6 standard deviations on average below non-Aboriginal students on both exams. Among students who wrote the FSA numeracy test in both grades, the gap between the mean test scores of Aboriginal and non-Aboriginal students grew by an additional 0.05 standard deviations between grades 4 and 7, and the reading test score gap grew by 0.09 standard deviations. To put this difference in comparative context, the mean test score gap between blacks and whites on standardized numeracy tests in Texas elementary schools is about 0.76 standard deviations in grade 8, and grows by about 0.06 standard deviations between grades 3 and 8 (Hanushek and Rivkin, 2006a, Table 3 ).
The use of test scores to measure achievement and of test score gains to measure academic progress has the limitation that it restricts attention to those students who participated in the 7 A minority of students who are observed in both grades 4 and 7 repeat grades, skip grades, or are out of province for one or more of the intervening years. We keep these students in our analysis whenever possible. If the student repeats either grade 4 or grade 7, we use the last year in grade 4 and the first year in grade 7.
exam, and is thus subject to bias from endogenous participation. This problem can be particularly acute when studying groups that ha ve relatively lo w average achievement. Table 3 provides exam participation statistics on the population of grade 7 students in B.C. Table 5 provides information on the related question of who exactly is missing the exams. As might be expected, nonparticipation in the grade 7 exam is not random. Students who failed to take the grade 7 exam without being excused were about five times more likely to have also missed the grade 4 exam than were grade 7 exam participants.
Grade 7 unexcused nonparticipants that took the grade 4 exam scored 0.3 standard devia tions below average. Among those that were excused from the grade 7 exam, about 38% were also excused from the grade 4 exam, and another 16% simply failed to take it. The average score on the grade 4 exam among those that were subsequently excused from the grade 7 exam was 1.2 standard deviations below average. Finally, students with disabilities account for a majority (about 62%) of excused absences from the exams, and a substantial proportion (about 28%) of unexcused absences.
In order to address our concerns about patterns of nonparticipation, we construct an alternative binary indicator of progress that covers anyone who takes a test in either year and is in the provincial school system for both years. A student who takes a given exam in both years is considered to have made progress if his or her test score increases between grade 4 and grade 7.
A student who misses the exam in grade 4 but takes it in grade 7 is also considered to have made progress. Students whose test scores decrease, or who move from taking the exam in grade 4 to missing the exam in grade 7 are considered not to have made progress. Students who miss the exam in both grades are treated as missing outcomes, and students who are out of the provincial school system during either grade 4 or grade 7 are simply outside the population under analysis. Table 6 shows that our binary indicator of progress from grade 4 to grade 7 has a much smaller proportion of missing values, especially for Aboriginal students: about 9% for numeracy and about 8% for reading.
This binary indicator of progress confirms our finding that a lower proportion of Aboriginal students experience improved exam outcomes in grade 7 relative to grade 4, but the difference in progress rates is small relative to the difference in achievement levels. Table 6 shows that about 44% of Aboriginal students improve on the numeracy exam, versus about 48% of nonAboriginal students. The gap in reading is larger: 44% of Aboriginal students experience improved exam outcomes, versus about 51% of non-Aboriginal students. Again, it seems that though the pattern of relative underachievement among Aboriginal students is established by grade 4, there is no sign of convergence towards non-Aboriginal achievement levels between grades 4 and 7; rather, Aboriginal students continue to fall further behind during these middle school years.
Some insight into the student-level factors underlying the relatively low participation rates and test scores of Aboriginal students is provided in Table 7 . The incidence of assessed disabilities is two and half times higher in the Aboriginal population than in the non-Aboriginal population, and Aboriginal students are only one-third as likely as non-Aboriginal students to be assessed as gifted. Aboriginal students are overrepresented in every category of disability, but most dramatically in the severe behavioural disorder category. Almost 7% of Aboriginal students are found to have a moderate or severe behavioural disorder, compared to fewer than 2% of nonAboriginal students. Table 8 adds school fixed effects to the previous specification. We return to a discussion of the fixed effects results below. Table 9 presents estimates from a similar set of specifications where the dependent variable is the change in the student's reading or numeracy test score between grades 4 and 7. The results
show that about 6% of the test score gap in numeracy in grade 7 and 14% of the test score gap in reading emerges after grade 4 (computed by dividing the coefficient on the Aboriginal dummy from column 1 in Table 9 by the same coefficient from column 1 in Table 8 ). Although policies that focus attention on the years before grade 4 have significant potential to improve later outcomes, Aboriginal children do continue to fall further behind on average between grades 4 and 7. When we include the additional control variables in this value-added specification in column 2, we again find that disabled students warrant particular policy attention. Conditional on these characteristics, Aboriginal students continue to fall behind their non-Aboriginal schoolmates at a rate that is of considerable policy significance.
The third columns of Tables 8 and 9 add school fixed effects to the previous specifications. The results in Table 8 show that the average within-school conditional (on student characteristics) test score gap, measured from the schools that have both Aboriginal and non-Aboriginal students, is about 60% as large as the overall gap (0.35/0.58) in numeracy, and about 67% as large as the overall gap in reading. The results in Table 9 show that the average growth in the numeracy test score gap is about half (.02/.04) as large as the overall growth rate when the comparison is made between Aboriginal and non-Aboriginal students who attend the same school. The average growth in the test score gap in reading between Aboriginal and nonAboriginal students who attend the same school is about two-thirds as large as the growth in the overall reading test score gap. The se substantial within-school gaps in both the levels and growth rates of the reading and numeracy exams imply that school choice policies that reallocate students across schools could only go so far towards eliminating the test score gap. However, it
is not possible to use these regression results to be more precise about the potential role of within-versus across-school effects. As shown in Hanushek and Rivkin (2006a) , the overall mean test score gap cannot be simply decomposed into the sum of the within-school gap as The extent to which Aboriginal and non-Aboriginal students are distributed differently across schools can also be summarized with a standard dissimilarity index (Duncan and Duncan 1955).
According to this measure, slightly fewer than half of Aboriginal students would have to change schools in order to achieve an equal distrib ution of the two groups across schools. The unequal distribution of Aboriginal and non-Aboriginal students across schools means that we cannot use a simple linear decomposition based on our earlier regression results to decompose the overall test score gap into within-school and across-school components. In order to evaluate the potential contribution that the observed sorting across schools may contribute to the test score gap, we use the formula in Hanushek and Rivkin (2006a, equation 1) . Table 10 shows that about 50% of the mean gap in numeracy in grade 7 and about 55% of the gap in reading is accounted by the across-school component. About 50% of the growth in the numeracy test score gap and 40% of the growth in the reading test score gap between grades 4 and 7 is accounted for by the across-school component. Across-school factors appear to be somewhat less important in B.C. than in Texas, where Hanushek and Rivkin (2006a) report that over 75%
of the growth between grades 3 and 8 in the black/white test score gap is accounted for by across-school factors.
How important are peers?
Given the substantial amount of sorting of Aboriginal and non-Aboriginal students across schools, the differences in their achievement levels and growth, and the sizable across-school component of the overall mean test score gap, the hypothesis that differences in school quality contribute to the relatively low achievement levels of Aboriginal students warrants serious consideration. Hanushek and Rivkin (2006a,b ) find that observable school-level factors including teacher experience, student turnover and the racial composition of the student body explain a significant proportion of the black/white achievement gap in Texas. Our data do not include measures of school inputs such as teacher salaries, accreditation and experience or class size. In any case, the provincial funding formula described earlier implies that variation in the quality of teaching inputs across schools is likely to be considerably smaller in B.C. than in U.S.
jurisdictions that rely on local taxation to support schools. However, if peer effects are important, differences in peer group composition may be an important dimension along which
Aboriginal and non-Aboriginal students experience differences in average school quality. Manski (1993 Manski ( , 2000 demonstrates that peer effects are in general not identified from crosssectional data whenever the assignment of individuals to groups is nonrandom. Whether through private schooling or housing markets, family income and education also influence the quality of a child's school. Either of these factors will lead to nonzero correlation between peer group composition and unobserved school or student factors relevant to educational outcomes. In order to distinguish between peer effects and these unobserved factors, we use a now-standard method for estimating peer effects in education that uses individual student-level panel data from multiple cohorts of students within each school, 11 and exploits the small but plausibly random year-to-year variation in peer group composition within a school to consistently estimate schoolby-grade level peer effects, while allowing for systematic cross-school variation in school or student quality. This approach has been used by a number of authors in varying contexts (e.g. The content of our identifying assumption is similar to that in the related literature; while the overall composition of a school may be systematically related to unobserved school and student characteristics, the small cohort-to-cohort fluctuations in composition within a school may be in mathematics, and to both classroom and grade level peers in reading. They find that including only grade level peer effects results in somewhat smaller coefficient estimates, but does not change the overall pattern of the results. 12 The simple value-added model (SVA) that we estimate is one of two econometric models of the educational production function that are standard in the education literature (Todd and Wolpin 2005) . In the simple value-added model, the dependent variable is the change in test scores between grades 4 and 7. In the alternative model, known as the modified value-added (MVA) model, the dependent variable is the grade 7 test score, and grade 4 test scores (in both subjects) are included as control variables. Both models are generally interpreted as reduced-form estimating equations for a structural model in which the current test score is a function of cumulative inputs to the student's educational production function. For either model, this interpretation requires the strong assumption that the earlier test score is a sufficient statistic for all relevant prior inputs. An SVA model implies that past inputs should enter into current performance with no "decay." That is, the SVA model is a special case of the MVA model. While the MVA model thus has the advantage of being more general, it has the disadvantage of being subject to attenuation bias from measurement error in the earlier test score. considered essentially random and thus unrelated to cohort-to-cohort fluctuations in other unobserved factors. Note that we allow for within-group common shocks like, for example, an instructor being replaced with a lower-skilled substitute while on parental leave, provided these shocks are unrelated (in conditional mean) to the observed composition of the group.
Model specification and research design
A further complication in interpreting our regression coefficients as parameters of a cumulativeinput education production function is introduced by the fact that there is a three-year gap between exams. Our main regressions only include measures of grade 7 inputs, including both peer characteristics and the school fixed effect. With unlimited data it would be preferable to include grade 5 and 6 inputs as well, including grade-specific school fixed effects. As such an approach would rapidly exhaust degrees of freedom in our regressions, we prefer to estimate models with grade 7 inputs only. These results should be interpreted with the caveat that grade 7 peer characteristics are also acting as a proxy for grade 5 and 6 peer characteristics. 13 We also estimate a second value-added model that uses the binary indicator of progress reported in Table 6 and discussed in Section 3. As described earlier this binary indicator is based on the idea that exam nonparticipation is itself an outcome of interest, and treats nonparticipation as a negative outcome. Because the binary indicator of progress is much more likely to be observed than the test score gain, regressions using this outcome variable provide a robustness check on the main results.
5.2
Results The population in our regression analysis is B.C. public and private school students who attended grade 7 between 2002/2003 and 2004/2005 , and who were enrolled in grade 4 in B.C. in 1999/2000 or later. All specifications are estimated from the population of Aboriginal students for whom the relevant outcome is observed, while the school-grade compositional variables are based on the entire population of enrolled students, including both non-Aboriginal students and students who do not take the exam. The individual-level control variables include gender and current special needs category, if applicable, and the peer measures include the proportion of same-grade peers who are Aboriginal, male, and classified as having various types of disabilities. Table 11 provides means of these regressors for Aboriginal and non-Aboriginal students.
Our regression results for the simple value-added model, in which the dependent variable is the test score gain, are reported in Table 12 . School and year fixed effects are included in all specifications, and estimated standard errors are robust to clustering at the school-year level.
Peer group composition is being reported in decimal rather than percentage units, so each coefficient can be interpreted as the exam score increase (in standard deviations) associated with the percentage of peers in a given category increasing from 0% to 100%. The specification in column (1) includes individual controls along with the percent male and percent Aboriginal. The specification in column (2) adds percent learning/behavioural disability and percent other disability.
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The coefficients for the individual characteristics differ in some cases from the estimates in Table 9 . In particular, the coefficient on behavioural disabilities is smaller and statistically insignificant when peer characteristics are included in the model and the sample includes Aboriginal students only. On the other hand, having a disability in the "other" category appears to have a larger effect on reading scores.
Turning to the peer effects estimates, our results are consistent with those found elsewhere in the literature that male peers are associated with lower test score gains (e.g. Hoxby 2000, Lavy and . This result is statistically significant in the case of the numeracy exam.
Interestingly, the effect of Aboriginal peers is positive in all specifications, and it is statistically significant in our base specification for the numeracy exam. Peers with learning or behaviour disabilities are associated with lower test score growth in numeracy, although these estimates again are statistically insignificant. Moreover, they are quite small in magnitude given the range of variation in our data. Peers who have other disabilities have a positive influence on Aboriginal students' test score gains. This result is consistent with other research for non-Aboriginal students in B.C. that finds a positive effect of students with "other" disabilities on the test scores of disabled non-Aboriginal students (Friesen, Hickey and Krauth 2008) . Table 13 presents parameter estimates from an alternative value-added model in which the outcome variable is the binary indicator of progress reported in Table 6 . Note that because the scale of the outcome variable is different, the coefficients will not be comparable in magnitude to those reported in Table 12 . However, the two sets of regressions display a very similar pattern of results. There is no evidence that Aboriginal peers have a negative effect on the probability that Aboriginal students make progress as measured by our indicator. The negative effect of peers with learning disabilities or behavioural disorders is now statistically significant in the case of numeracy. The point estimate suggests a moderate effect, given the range of variation we observe in the data. A one standard deviation (6.2 percentage point) increase in the share of peers with learning disabilities or behavioural disorders would reduce by 1.4 percentage points the probability that the achievement of an Aboriginal student improves, as measured by our binary progress indicator.
Conclusion
Our estimates show that about half of the growth in the test score gap between Aboriginal and non-Aboriginal students between grades 4 and 7 can be accounted for by across-school factors, so the potential role of differences in school characteristics in explaining the overall achievement gap is substantial. However, the funding formula used in B.C. directs greater resources into school districts with greater numbers of Aboriginal students and students with special needs, so it seems unlikely that the achievement gap between Aboriginal and non-Aboriginal students is explained by a relative lack of financial resources in schools that Aboriginal students attend. It is possible that these schools are less successful at attracting skilled teachers; unfortunately, our data do not allow us to explore this hypothesis. Aboriginal and non-Aboriginal students are sorted across schools so that the average Aboriginal student has a substantially higher proportion of Aboriginal peers and peers with disabilities, and we implement a methodology that allows us to measure plausibly causal effects of small variations in peer composition on student test score growth.
Our econometric evidence provides little support for the hypothesis that peer composition contributes to the across-school component of the growth in the test score gap between
Aboriginal and non-Aboriginal students. If anything, Aboriginal students may benefit from attending school with higher concentrations of Aboriginal students and higher concentrations of students with some disabilities, perhaps because these students bring additional funds. We find weak evidence that Aboriginal students' disproportionate exposure to students with learning disabilities and behavioural disorders may have a moderate adverse impact on their achievement.
These results are consistent with the results of other research on peer effects associated with disabled students (Hanushek et al. 2002, Friesen, Hickey and Krauth 2008) . Given the absence of evidence that Aboriginal students' peers have a substantial influence on their academic performance, it is tempting to conclude that school choice policies, such as voucher systems, could not contribute much to the academic achievement of Aboriginal students. However, it is important to bear in mind that our methodology uses small year-to-year changes in peer composition within a school to identify peer effects, and the results may not generalize to larger differences across schools in peer composition. (2002), page 4. * amount per student depends on total number of Aboriginal students in the dis trict. 
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